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^ METHOD OF DEPOSlxmG T«NGSTEN NITMDE 
USING A SOmCE GAS COMPRISING SIUCON 

^ i„v»Uo„ rcu«s » proc^se. lo. fa.ricaU„s dyn^ic ««.o,„ access 
memories, and n,o« s-ic-Wy .o .he depo.Uo„ of ungs^n mmde. 

Tu„,s«o ..uide .as been sHown .o .e an ex«en,e,y J^^f^ 

Lpe^mres and prevents dielectric de,rada«on ,n "pacuor ap^ 

. :^e. ..een ^^^^ A.e. 

.sisUvity strapping ,ayer ^^'^ ^'^^f ^ ^^^^ ^Ce, 
Lahav, Karen A. Grim, and Ilan A. Blech, ""^ ^^^^ 
-Measurenten, of « Expansion Coefnc.er,« of ^ ^ ^ ^ 
™n pan. Metai,i.ao„s,- .cmai of ^^^^^ ''^'''l^'J^Z^ „>,n 
p,,, ,34. prepare tungsten nitride using reacuve sputtenng 
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properties. 



coverage process such as chemical vapor deposttton (CVD). 

.3... etal. .nan article entided-^e^^^^^^ 

CVO Method Us.ng ' ";~:^^cE AKO 
Journal of Electrochemical Socety: SOLID STAIE 
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TECHNOLOGY, has demonstrated chemical vapor deposition of tungsten mtnde 
from NH3 and WF, source gases in a conventional hot wall CVD system. 
Although hot wall CVD systems offer an advantage with respect to wafer 
throughput, process control and cleanliness are typically not adequate for state-of- 
the-art applications. Rather, single wafer cold wall deposition systems are 
preferred. 

For a CVD process WF, and NH, offer the advantages of being readily 
available and providing high deposition rates. However. WF„ NH, form an 
adduct at low temperatures «50«>C), and even with a cold wall system there is a 
minimum acceptable wall temperature to prevent adduct formation. Furthermore, 
byproducts of the deposition reactions can cause encroachment into silicon or 
polycrystalline silicon substrates and therefore the process must be modified to 
reduce encroachment without compromising adhesion or resistivity. 

Thus there exists a need for a CVD tungsten nitride process having good 
adhesion and high deposition rates while providing conformal. low resistivity films 
with minimal silicon encroachment. 

The invention is a method for depositing tungsten nitride using chemical 
vapor deposition. The method uses a source gas mixture having a silicon based 
gas for depositing the tungsten nitride to overlie a deposition substrate. 

The method is useful in the fabrication of a capacitor electrode, a contact 
25 plug and a gate electrode due to the good adhesion, minimal silicon encroachment 
and low resistivity of the tungsten nitride deposited according to the method of the 

invention. 

The invention is a non-planar storage capacitor having a tungsten nitride 
30 capacitor electrode. 
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c^rtinnal vicws of a semiconductor during various 
Figures 1-3 are cross sectional views oi » 

fabrication steps. 

1 is . cross-secdcn^l view o, a poMon of a .™ico„ducu,r su.s««. 
vlls s».c.u.cs ^..^ .hereon an. a f.. =apac..o. .ecuCe. 

H,„„ 2 is me cross-secaonal view o, ftgure 1 Mowing ^ cation of a 

dielectric layer, 

H,„e 3 is .he cross-secttonal view of Figure 2 foUowing tt-e creaHon of a 
tungsten nitride electrode. 

H,„re 4A is a cross-secUonal view of a via fonned in a sni,s,ra« and fiiled 

with a layer of tungsten nitride. 

Pignre 4B is .he cross-secUonal view of Figure 4A following a chemical 
mechanical pianarizarion of the .ungs.e„ nitride .ayer of Figure 4A. 

Pi,ure 5 is a cross-sectional vrew of a gate electrode having a tungsten 

20 nitride barrier layer. 

The invention is a tungsten nitride layer formed by a process of the 

„ the tungsten nitride is chemically vapor dented f.m a source 
invenuon embodiment the 

,as comprising a silicon ^-^^^2^^^^,^, , .„„,sten nitride 

25 invention is a semiconductor non-planar storage p 

„e pr Jlss steps for fahrrcattng a staclced capacitor of the tnventton. 
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Figure 1 is a cross-sectional view of a partially processed semiconductor 
device 1 having a buried bit line 5. a wordline 10 overlying a field oxide layer 15, 
and field effect transistors 20. A thin oxide layer 25 has been removed from a 
contact area 30 of the substrate 35 and a polycrystalline silicon (herein after also 
5 "polysilicon" or "poly") layer 40 has been deposited to overly the substrate 35 and 
contact the contact area 30 of the substrate 35. The poly layer 40 has been doped 
and patterned with a photo mask (not shown) to create a storage node plate or first 
electrode of the capacitor of the invention. 

10 In Figure 2 a dielectric layer 45, preferably tantalum oxide, is deposited to 

overly the polycrystalline silicon layer 40. 

In Figure 3 a tungsten nitride layer 50 is conformally deposited by 
chemical vapor deposition in a deposition chamber to overlie the dielectric layer 
15 45 thereby forming a second electrode of the storage capacitor. During the 

chemical vapor deposition a source gas having at least a tungsten source such as 
tungsten hexaflouride combined with ammonia is combined with carrier gases 
which may include argon, hydrogen, nitrogen, or other gases. Alternate tungsten 
sources such as tungsten carbonyl may also be used. In a preferred embodiment 
20 the source gas also comprises a silicon based gas such as silane, organic silane, or 
a compound which is a multiple order of silane, such as di-silane and tri-sUane. 
The source gas is maintained at a pressure conducive to chemical vapor 
deposition, typically within the range of pressures between 0.1 and lOOTorr 
including the end points. The temperature of the deposition substrate is 
25 maintained at 300°C, although other temperatures may be used. The temperature 
of the deposition chamber walls are held at a temperature which minimizes adduct 
formation, in this embodiment the walls are held at a temperature greater then 
25 "C although other temperatures lower than the temperature of the deposition 
substrate will minimize adduct formation. In one embodiment the source gas 
30 comprises tungsten hexaflouride, ammonia, argon, and hydrogen. In this case 
during deposition of the tungsten nitride layer 20 the tungsten hexaflouride. 
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argo. and hydrogen hav. flow «tes of SOsccn. 150«=c™. ^-m anj 
SOsccm x^pecnvdy. When silan. added ,o U,e source gas m.x.u« me flow ^ e 
of tt,e suane is e,ua. .o 4sccm which is 1.098% of ,he toul flow ra« of «,e source 
gas mixture with the added silane. 

I„ the capacitor of the invention and in other applications the addition of 
silane to the source gas reduces encroachment into any silicon based matenals 
exposed to the tungsten nitride, improves adhesion of the n^ngsten nitride » tts 
underlying Uyer. and reduces the bulk r^istivity of the tungsten nithde For most 
applications the flow rate of the silane or other silicon based gases should fall 
Within the range of 0.5% to 5» of the total flow rate of the source gas comprtsutg 
the silicon based gas, although flow rates from .1% to 25% of the total flow rate 
may be used. 

I, is possible to form the flrst electrode of the capacitor of the invention 
using the tungsten nitride when deposited according to the method descnbed 
above It is also conceivable that only the first electrode is tungsten mtnde. In 
this case the second electrode overlying the dielectric may be some other matenal 

such as poly silicon, 

,„ one embodiment the chemical vapor deposition of tungsten nitride using 
a source gas comprising silane ,s used to fill a via with tungsten nitride lOO, see 
Figure 4A Ftgure 4B shows the tungsten nitride contact plug 105 after chemtcal 
mechanical polishing of the tungsten nitride layer 100 shown in Figure 4A. The 
23 contact plug 105 contacts the conductive layer 106. 

Alternately the tungsten nitride may be deposited using a source gas 
comprising silane wherein the deposited tungsten nitride does not fill the via but 
rather lines the via forming a barrier mat^ial. In this case tungsten is deposited 
30 to fill the poriions of the via not filled by the tungsten mtnde. 



20 



-:WO __9617104A1 J 



wo 96/17104 



-6- 



PCr/US95/15S59 



In a further embodiment shown in Figure 5 the chemical vapor deposition 
of tungsten nitride from a deposition gas comprising silane is used in field effect 
transistor applications to create a tungsten nitride barrier layer 130 interposed 
between a tungsten layer 135 and polycrystalline silicon layer 140. In this case 

5 exposed portions of the tungsten nitride 130, the tungsten layer 135 and the 

polycrystalline silicon layer 140 are removed in unpattemed areas to form a gate 
electrode 45 overlying substrate 150 and gate oxide 160 from masked portions of 
the tungsten nitride 130, the tungsten layer 135, and the polycrystalline silicon 
layer 140. In an alternate embodiment no polycrystalline silicon layer 140 is 

10 formed and the gate electrode comprises the tungsten nitride 130 and the tungsten 
layer 135. 

Although specific embodiments have been described the invention should be 
read as limited only by the claims. 
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CLAIMS: 

A method for depositing tungsten nitride, comprising the following steps: 



1. 



10 



providing a source gas mixture comprising silicon said source gas 
mixture capable of depositing the tungsten nitride; 

applying a temperature to a deposition substrate; and 

applying a pressure to the source gas mixture to deposit the tungsten 
nitride from the source gas mixture on said deposition substrate. 



2 The method as specified in Claim 1. further comprising the step of 
15 maintaining a temperature of interior walls of a deposition chamber containing said 
source gas mixture at a temperature greater than 25 degrees Celsius. 



3 The method as specified in Claim 1 . further comprising the step of 
20 maintaining a temperature of interior walls of a deposition chamber containing sa.d 
source gas mixture at a temperature which minimizes adduct formation dunng said 

Step of depositing. 



25 4 The method as specifed in Claim l.funher comprising tl,e step of miing a 
via during said step of depositing to form an electrical conuct .n the vra. 



The 



method as specified in Claim 1, further comprising me following steps: 



30 
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a) lining sides of a via during said step of depositing to form a bamer 
layer of tungsten nitride; and 

b) filling remaining portions of the via with tungsten, the tungsten 
nitride and the tungsten forming an electrical contact. 



6. The method as specified in Claim 1, further comprising tiie following steps: 
10 a) creating a first capacitor electrode; 

b) creating a dielectric layer overlying said first capacitor electrode; 
and 

15 c) forming a second capacitor electrode during said step of depositing 

the tungsten nitride such that said tungsten nitride overlies the 
dielectric layer thereby forming the second capacitor electrode. 

20 7. The method as specified in Claim 1, further comprising the following steps: 



a) creating a first capacitor electrode; 

25 b) creating a dielectric layer of tantalum oxide overlying said first 

capacitor electrode; and 

c) forming a second capacitor electrode during said step of depositing 
the tungsten nitride such that said tungsten nitride overiies the layer 
30 of tantalum oxide thereby forming the second capacitor electrode. 
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The method as specified in Claim 1. further comprising the following steps: 

a) forming a first capacitor electrode during said step of depositing the 
tungsten nitride; 

b) creating a dielectric layer of tantalum oxide overlying said first 
capacitor electrode; and 

c) creating a second capacitor electrode overlying said dielectric layer. 



9. The method as specified in Claim 1. wherein said step of providing 
comprises the step of combining at least tungsten hexaflouride. ammonia, argon, 
and hydrogen to form the source gas mixture. 

10. The method as specified in Claim 1, further comprising the step of 
interposing the tungsten nitride between a polysilicon layer and a tungsten layer, 
said polysilicon layer, said tungsten nitride, and said tungsten layer forming a gate 
20 electrode. 



11. The method as specified in Claim 1, further comprising adjusting a flow 
rate of the silicon containing gas to be within the range of .1% to 25 % of a total 
25 flow rate of the source gas mixture comprising the silicon containing gas. 



12. A method for depositing tungsten nitride, comprising the following steps: 

30 a) providing a first source gas mixture capable of depositing tungsten 

nitride; 
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ta) combining silane with the source gas mixture to form a second 
source gas mixture; 

c) applying a temperature to a deposition substrate; 

^ d) applying a pressure to the second source gas mixture comprising the 

silane; and 

e) depositing the tungsten nitride from the second source gas mixture 
IQ comprising the silane onto said deposition substrate. 

13. The method as specified in Claim 12. further comprising the step of 
adjusting a flow rate of the silane to be within the range of .1 to 25 % of a total 

15 flow rate of the source gas mixture. 



14. The method as specified in Claim 12, further comprising the step of 
selecting the silane from a group consisting of organic silane and a silane which is 
20 a multiple order of silane. 



15 . A semiconductor non-planar storage capacitor, comprising: 
25 a) a non-planar first capacitor electrode; 

b) a dielectric layer overlying said first capacitor electrode; and 



30 



c) a tungsten nitride layer overlying said dielectric layer, said tungsten 
nitride layer forming a second capacitor electrode of the non-planar 



storage capacitor. 
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,6. The ncn-pl^na, sto«g. cpacUor as specified in Claim 15, wh«ein said 
dielectric layer is tantalum oxide. 

17. The non-planar storage capaci»r as specified in Claim 15. wherein said 
tungsten nitride layer comprises silicon. 



,0 18. The non-planar s»ragecap»i»>r as specified in Claim 15, wherein said 
first capacitor electrode is tungsten nitride. 



15 



19. A semiconductor non-planar storage capacitor, compnsmg: 

a) a non-planar first capacitor electrode of tungsten nitride; 



b) a dielectric layer overlying said first capacitor electrode; and 
20 c) a second capacitor electrode overiying said dielectric layer. 



20. A method for forming a semiconductor non-planar storage capacitor, 
comprising the following steps: 



25 



a) creating a non 
substrate; 



-planar first capacitor electrode overlying a deposition 



30 



b) creating a dielectric layer overlying said first capacitor electrode; 
,) creating a source gas mixture for depositing tungsten nitride; and 
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d) depositing the tungsten nitride from the source gas mixture to form 
a second capacitor electrode of tungsten nitride overlying said 
dielectric layer. 

5 

21. The method as specified in Claim 20, wherein said step of creating said 
dielectric layer comprises depositing a layer of tantalum oxide. 

10 22. The method as specified in Claim 20, wherein said step of creating the 

source gas mixture comprises combining at least tungsten hexaflouride, ammonia, 
argon, and hydrogen to form the source gas mixture. 

15 23. The method as specified in Claim 20, wherein said step of creating the 

source gas mixture comprises combining at least tungsten hexaflouride, ammonia, 
argon, hydrogen, and a silicon containing gas to form the source gas mixture. 

24. The method as specified in Claim 23, further comprising adjusting a flow 
20 rate of the silicon containing gas to be within the range of . 1 % to 25 % of a total 

flow rate of the source gas mixture. 

25. The method as specified in Claim 20, wherein said step of creating the 
source gas mixture comprises combining at least tungsten hexaflouride, ammonia, 

25 argon, hydrogen, and a silane to form the source gas mixture. 

26. The method as specified in Claim 25, further comprising adjusting a flow 
rate of the silane to be within the range of . 1 % to 25 % of a total flow rate of the 

30 source gas mixture. 
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27. 
steps: 



The method as specified in Claim 20, further comprising the following 



a) creating the source gas mixture in a chamber; and 

b) adjusting a temperature of interior walls of the chamber to a 
temperature greater than 25 degrees Celsius. 



10 28. 

steps: 



15 



The method as specified in Claim 20, further comprising the following 



a) creating the source gas mixture in a chamber; and 

b) adjusting a temperature of interior walls of the chamber to a 
temperature which minimizes adduct formation during said step of 
depositing. 



20 29. A non-planar capacitor fabricated according to a process comprising the 

following steps: 

a) creating a non-planar first capacitor electrode overlying a deposition 
substrate; 



25 



b) creating a dielectric layer overlying said first capacitor electrode; 

c) providing a source gas mixture capable of depositing tungsten 
nitride; 



30 
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d) combining a silicon containing gas with the source gas mixture to 
form a source gas mixture comprising the silicon containing gas; 

e) applying a temperature to the deposition substrate; 

f) applying a pressure to the source gas mixture comprising the silicon 
containing gas; and 

g) depositing the tungsten nitride from the source gas mixture 
comprising the silicon containing gas to form a second capacitor 
electrode of tungsten nitride overlying the dielectric layer. 



30. The non-planar capacitor as specified in Claim 29, wherein said dielectric 
15 layer is tantalum oxide. 



31. The non-planar capacitor as specified in Claim 29, wherein said silicon 
containing gas is silane. 

20 

32. The non-planar capacitor as specified in Claim 29, wherein said tungsten 
nitride comprises silicon. 



33. The non-planar capacitor as specified in Claim 29, further comprising 
adjusting a flow rate of the silicon containing gas to be within the range of . 1 
25 % of a total flow rate of the source gas mixture comprising the silicon 
containing gas. 
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34. A capacito: 



r electrode made by the process comprising the following steps: 



10 



15 



20 



25 



a) providing a source gas mixture capable of depositing tungsten 

nitride; 

b) combining a silicon containing gas with the source gas mixture to 
form a source gas mixture comprising the silicon containing gas; 

c) applying a temperature to a deposition substrate; 

d) applying a pressure to the source gas mixture comprising the silicon 
containing gas; and 

e) depositing tungsten nitride from the source gas mixture comprising 
the silicon containing gas to form the capacitor electrode overlymg 
the deposition substrate. 



35. A gate 



electrode made by the process comprising the following steps: 



a) providing a source gas mixture capable of depositing tungsten 
nitride; 



b) 



combining a silicon containing gas with the source gas mixture to 
form a source gas mixture comprising the silicon containing gas; 



c) applying, a temperature to a deposition substrate; 

d) applying a pressure to the source gas mixture comprising the silicon 

3Q containing gas; 
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e) depositing the tungsten nitride from the source gas mixture 

comprising the silicon containing gas to form a tungsten nitride 
layer overlying the deposition substrate; 

5 f) creating a tungsten layer overlying the tungsten nitride layer; 

g) patterning the tungsten niuide layer and the tungsten layer to define 
the gate electrode; and 

10 h) removing unmasked portions of the tungsten nitride layer and the 

tungsten layer, portions of the tungsten nitride layer and the 
tungsten layer remaining after the step of removing forming the gate 
electrode. 



15 



20 



36. A gate electrode made by the process comprising the following steps: 

a) creating a polycry stall ine silicon layer overlying a deposition 
substrate; 

b) providing a source gas mixture capable of depositing a tungsten 
nitride; 



c) combining a silicon containing gas with the source gas mixture to 
25 form a source gas mixture comprising the silicon containing gas; 

d) applying a temperature to the deposition substrate; 

e) applying a pressure to the source gas mixture comprising the silicon 
30 containing gas; 
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f) depositing the tungsten nitride from the source gas mixture 

comprising the silicon containing gas to form a tungsten nitnde 
layer overiying the polycrystalline silicon layer; 

5 g) creating a ttingsten layer overiying the tungsten nitride layer; 

h) patterning the polycrystalline silicon layer, the tungsten nitride 
layer, and the tungsten layer to define the gate electrode; and 

10 i) removing unmasked portions of the polycrystalline silicon layer, the 

tungsten nitride layer and the tungsten layer, portions of the 
polycrystalline silicon layer, the tungsten nitride layer, and the 
tungsten layer remaining after the step of removing forming the gate 



15 



25 



electrode. 



37. A deposition in a via made by the process comprising the following steps: 

a) providing a source gas mixture capable of depositing tungsten 

20 nitride; 

b) combining a silicon containing gas with the source gas mixture to 
form a source gas mixture comprising the silicon containing gas; 



c) applying a temperature to a deposition substrate; 

d) applying a pressure to the source gas mixture comprising the silicon 
containing gas; and 
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e) depositing the tungsten nitride from the source gas mixture 

comprising the silicon containing gas to form the deposition in the 
via. 
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